Purpose The aim of this study was to compare total knee arthroplasty (TKA) procedures between different countries with regard to epidemiological data and surgical technique by reference to the worldwide arthroplasty registers. Methods A systematic search was carried out using the EFORT website to identify the relevant arthroplasty registers. We extracted data with respect to the number of implanted TKAs, patients' age distribution, procedure types, and revision rates. After identification of 28 national arthroplasty registers, 11 offered sufficient data regarding the above mentioned parameters and were therefore included in the final analysis. Results A large variation was found in the annual number of primary TKA implantations per inhabitant with a reported range from 30 to 199 per 100,000 (mean 106). The fixation method varied strongly between the different registers as well, e.g. 90 % of totally cemented TKAs in Sweden, England and Wales, Slovakia, and New Zealand versus 54 % cemented fixation in Australia. Another significant difference between included countries was observed with respect to the use of patellar resurfacing in TKA. Whilst the Danish knee arthroplasty register reports a percentage of 72 % using a patellar button in TKA the register from Norway reports only a minority of 2 %.
Introduction
The development of joint arthroplasty in the 1970s promoted the establishment of projects for documentation purposes leading to the establishment of arthroplasty registers [1, 2] . The arthroplasty records developed from institutional and later multicentred databases up to regional and national arthroplasty registries [1, 3] . The Swedish knee arthroplasty register was the first national register of its vein, followed by registers from more and more countries [4] . National joint arthroplasty registries facilitate an exchange of experiences concerning new materials and surgical methods, which is beneficial for the evaluation of efficacy and detection of failures and disadvantages as early as possible. Furthermore, national registers play an important role in the comparative analysis of implant performance, the detection of revision rates following total joint arthroplasty, and identification of patients for the purpose of follow-ups and recalls [5] [6] [7] [8] [9] [10] . This allows a continuous, evidencebased adaptation of implant-choice and surgical technique to achieve improved results.
By now, there are several national registries from a large part of the European countries and furthermore from the United States, Canada, Australia, and New Zealand. These national registers should give an important overview on incidence, practice, and outcome of primary total joint arthroplasty and revision procedures [11] [12] [13] [14] . However, no systematic comparisons with a focus on the surgical technique of total knee arthroplasty (TKA) using international arthroplasty registers have been published so far as we know. The actual epidemiology and precise description of procedure type and surgical technique of TKA is of interest and well worth being described in detail.
The aim of this study was therefore the comparison of primary total knee arthroplasty procedures between different countries concerning epidemiological data and surgical technique as well as revision rates by the use of worldwide knee arthroplasty registers.
Materials and methods
The EFORT Website for European Arthroplasty Registers was used to identify the existing worldwide registers included in our study [15] . In addition, we performed a free-hand search using the terms "(arthroplasty register) OR (knee arthroplasty register)" via Google. This method was described in previous studies of our group [16, 17] .
These registers were searched to find the annual report from 2010 or, if not available, from 2009 or the most recent documented time period. We extracted data with respect to the number of implanted TKAs, the patients' age distribution, procedure types, and revision rates. These parameters were analysed for each arthroplasty register in duplicate using a qualitative content analysis of the text and compared against one another. Disagreement was resolved by discussion or, if necessary, by the decision of the senior author according to the PRISMA criteria published by the CONSORT group [18, 19] .
All except two countries presented their data in the form of an annual report for each year separately, whereas the others reported summarised data, mostly from the year of establishment of their arthroplasty registers until the most recent documented time period. Time periods of the number, age distribution, and procedure type included recording over a one-year period except for the registers of Australia, New Zealand and Spain (Catalonia), where data was reported for long time periods. Registers used different classifications with respect to age distribution and were pooled, if applicable.
Primary total knee arthroplasty procedures were differentiated into types of procedures including total replacement with or without patellar resurfacing and unicompartmental procedures as well as into method of fixation including cemented, cementless, hybrid (cemented tibial and cementless femoral component), and reverse hybrid primary knee arthroplasties (cemented femoral component and cementless tibial component). In most registers, hybrid and reversed hybrid fixation procedures were not reported separately. Hybrid and reversed hybrid TKAs were therefore subsumed under "hybrid fixation" in our study.
Results
After initial identification of 28 national or regional arthroplasty registers, 11 (England & Wales, Denmark, Norway, Sweden, Catalonia, Portugal, Slovakia, Scotland, New Zealand, Australia, and Canada) offered sufficient data and were included in the final analysis. Eight of the included registers are national registers and the Scottish, English and Catalan arthroplasty registers operate on a regional basis. A large variation was found in the annual number of primary TKA implantations per inhabitant with a reported range from 30 to 199 per 100,000 (mean 106) as shown in Fig. 1 . Figure 2 shows the distribution of annual primary TKA implantations according to age groups. The fixation method varied strongly between the different registers as well, e.g. 90 % of totally cemented TKAs in Sweden, England and Wales, Slovakia and New Zealand versus 54 % cemented fixation in Australia as illustrated in Fig. 3 . Another significant difference between included countries was observed with respect to the use of patellar resurfacing in TKA. Whilst the Danish knee arthroplasty register reports a percentage of 72 % using a patellar button in TKA the register from Norway reports only a minority of 2 % (Fig. 4) . Revision rates after TKA varied from 4.4 to 12.5 % (mean 8.02 %) as illustrated in Table 1 .
Discussion
The aim of this study was the comparison of primary total knee arthroplasty (TKA) procedures between different countries concerning epidemiological data and surgical technique as well as revision rates through the use of worldwide knee arthroplasty registers. Worldwide arthroplasty registers are essential to analyse single surgical devices and pooled analyses have successfully served as guidelines in the past [16, 17] . However, in order to compare register datasets from different countries a comparable minimal dataset is essential [20] . Our study is a pooled analysis of worldwide knee register data to evaluate application and surgical technique.
A large variation was found regarding the annual number of primary TKA implantations across the countries. These variations may be explained by several factors including patient demographics (prevalence of joint disease) and national conditions such as healthcare systems (insurance status), availability of surgeons and medical facilities and surgeon-dependent factors such as definition of indications, education, tradition and experience [10] .
While the mean age of patients was similar between the different registers, the more specific distributions varied widely, with Slovakia, England and Wales, Australia and Portugal reporting the majority of implantations in patients at 65-75 years of age and the countries Denmark, Sweden and Spain (Catalonia) reporting majority implantations in patients at 75 years of age or older.
All of the investigated registers have had a predominance of female patients with a proportion of women up to 73 % in Portugal and Spain (Catalonia).
We further observed differences with respect to the fixation method in TKA and the use of unicompartmental arthroplasties between the investigated registers. The fixation type varied from more than 90 % cemented fixation in Sweden, England and Wales, Slovakia and New Zealand to 54 % cemented fixation in Australia. The percentage of hybrid or reversed hybrid procedures varied between one and 23 % between different registers.
Data revealed a north-south expansion with more cemented arthroplasties in Scandinavian countries than southern countries, such as the authors' (Austria and Germany). However, there were short periods when even Swedish registers also reported a higher percentage of uncemented prostheses in the mid 1980s. Pooled outcome of register data revealed no consensus between countries with respect to the use of patellar resurfacing. Whilst the Danish knee arthroplasty register [15] reports a percentage of 72 % using a patellar button in TKA in 2009 it was only 2 % in Norway according to the Norwegian arthroplasty register report in 2010 [15] .
The Australian Joint Replacement Registry [15] has reported a 1.3 times higher proportion of TKAs without patellar resurfacing for revision surgery compared to TKAs using a patellar button in their annual report. However, it is unclear why there is such a big difference regarding the use of a patellar button between the countries mentioned [15] . Again, the Swedish register reported a higher proportion of resurfaced patellae in the mid 1980s with even a lower risk of revision in case of resurfaced TKA. However, this data is biased, because cases without patella buttons underwent secondary resurfacing in case of pain due to unknown causes and, nowadays, TKA in Sweden is mostly performed without patella buttons.
The annual percentage of unicompartimental knee arthroplasties varied between 1.5 % (Spain) and 15.5 % (Australia). Partial knee replacement includes a variety of procedures, such as unicondylar or femoropatellar replacement, as well as other partial resurfacings [14] . Exact numbers of all types of unicompartimental or resurfacing procedures were not given in most of the registers und therefore not conclusively reported in the results section.
This study has the following limitations. First, as for every meta-analysis, this study is dependent on the quality of the primary data included. Therefore, it is not clear whether the reported number of operations in the registers reflects the true number of primary procedures and revisions performed in every investigated country. Further limitations include the lack of standardisation of reporting age, gender distribution, the use of fixation techniques, or the number of revisions in the investigated arthroplasty registers. Next, only the Swedish register reports sufficient evidence on data compliance and we cannot tell how high the percentage of complete data reporting is in different registers. In addition, further issues are the completeness of reporting of the registers, difficulties in comparison of different registers due to region-specific differences in register datasets and a possible lack of knowledge of a minimal dataset [20] .
We want to underline the significant benefit that this is the first study to analyse pooled incidence and application type of TKA using data from worldwide arthroplasty registers.
Conclusion
The comparison of worldwide arthroplasty registers showed a large variance regarding age distribution, annual number of procedures, implant techniques, and revision rates of TKAs. These international variations may be explained by several independent factors including patient demographics (prevalence of joint disease) as well as national conditions (insurance status) such as healthcare systems, number or availability of surgeons and medical facilities and surgeondependent factors such as definition of indications, education, tradition and experience.
